As partners of the top quark, new heavy T-quarks are necessarily predicted in little Higgs models in order to cancel the quadratic divergence of the Higgs mass caused by the top quark. In the framework of the littlest Higgs model with T-parity, the partner with even T-parity can mix with the top quark and cause some effects in top quark processes. We examine such effects in the process e + e − → tth at the next generation linear colliders like the ILC. We find that in the allowed parameter space, the contributions can alter the Standard Model cross section by over 10 percent. By comparing the unpolarized beams with the polarized beams, we find that the polarized beams lead to more sizable effects and thus make the collider more powerful in probing such new physics.
I. INTRODUCTION
To solve the fine-tuning problem of the Standard Model (SM), the little Higgs theory [1] was proposed as a kind of electroweak symmetry breaking mechanism accomplished by a naturally light Higgs sector. The Higgs boson remains light, being protected by the approximate global symmetry and free from one-loop quadratic sensitivity to the cutoff scale. The littlest Higgs model [2] provides an economical approach which implements the idea of the little Higgs theory. Most of the constraints from the electroweak precision tests on little Higgs models [3] come from tree-level mixing of heavy and light mass eigenstates, which would require raising the mass of the new particles to be much higher than 1 TeV and thus re-introduce fine-tuning in the Higgs potential [4] . However, these tree-level contributions can be avoided by introducing a discrete symmetry called T-parity [5, 6] . In the littlest Higgs model with T-parity (LHT) [5] , the SM particles are T-even while the heavy gauge bosons B H , Z H , W ± H and the triplet scalar Φ are T-odd (B H may be a candidate for dark matter). In the top quark sector, the LHT model contains a pair of T-quarks with different T-parity and the one with even T-parity is responsible for canceling the quadratic divergence of the top quark contribution to Higgs boson mass.
It is notable that the T-quark with even T-parity in the LHT model may have striking phenomenology in top quark processes since it mixes with the top quark and its mass may be not decouplingly heavy. The T-quark mass is determined by the symmetry breaking scale f , which is rather high ( above 1 TeV) in little Higgs models without T-parity but can be much lower ( as low as 500 GeV) in the LHT model [7] . The reason for such allowed lightness of T-quark in the LHT model is that the T-parity explicitly forbids any tree-level contributions from the heavy gauge bosons to the SM processes and thus the electroweak precision constraints are much relaxed.
In this note we concentrate on the effects of the T-quark with even T-parity and choose the process e + e − → tth as a smoking gun to reveal such T-quark effects. The reason for choosing this process to dig out the T-quark effects is twofold. One is that this process can be measured at the ILC with quite a good precision 1 . Some analyses showed that through the measurement of this process the top quark Yukawa coupling can be measured with an accuracy of about 5% at the ILC with c.m. energy of 800 GeV and an integrated luminosity of 1000 fb −1 for a Higgs boson of 120 GeV [9, 10] . If the beams are appropriately polarized, the measurement precision can be further significantly improved [11] . Of course, such a measurement of top quark Yukawa coupling is of great importance since it is often speculated to likely shed some light on the mechanism of electroweak symmetry breaking. The other reason is that this process may be quite sensitive to the T-quark of the LHT model (it was proved to be sensitive to other old kinds of new physics [12] ). The mixing of the T-quark with the top quark will not only alter the top quark Yukawa coupling htt and gauge coupling Ztt involved in this process, but also enable the T-quark to come into play as a 'mediator' (propagator) in this process through the induced ZtT and htT couplings.
So, if the LHT model is luckily chosen by Nature, the process e + e − → tth may be a good place to show its imprints.
II. CALCULATIONS
Before our calculations we first recapitulate the LHT model [5, 13] . The gauge sector of the LHT can be simply obtained from the usual littlest Higgs model [2] . T-parity acts as an automorphism which exchanges the [SU(2) × U(1)] 1 and [SU(2) × U(1)] 2 gauge factors. Before electroweak symmetry breaking, the gauge boson mass eigenstates have the simple form
where W α j and B j are SU(2) j and U(1) j (j=1,2) gauge fields. W α + and B + are the SM gauge bosons and are T-even, whereas W α − and B − are additional heavy gauge bosons and are Todd. After electroweak symmetry breaking, the new mass eigenstates in the neutral heavy sector will be a linear combination of W α − and B − gauge bosons, producing an B H and a Z H . The B H is typically the lightest T-odd state and may be a candidate of dark matter. Due to T-parity, the new gauge bosons do not mix with the SM gauge bosons and thus generate no corrections to precision electroweak observables at tree level. The top quark sector contains a T-even and T-odd partner of top quark, with the T-even one mixing with top quark and canceling the quadratic divergence contribution of top quark to Higgs boson mass. The masses of the T-even one (denoted T ) and the T-odd one (denoted t − ) are given by
where v is the electroweak breaking scale (≈ 246 GeV), r = λ 1 /λ 2 with λ 1 and λ 2 are the coupling constants in the Lagrangian of the top quark sector [5, 13, 14] , and s λ = 1/ √ 1 + r 2 . The mixing of T with the top quark (t) will alter the SM top quark couplings and induce the couplings between t and T [13, 14] , which are given by
where P R,L = (1±γ 5 )/2 and c λ = r/ √ 1 + r 2 . The hZZ coupling involved in our calculations will also be different from the SM coupling, which is given by 
Now we look at the process e + e − → tth. The Feynman diagrams in the LHT model are shown in Fig. 1 . In the SM it proceeds mainly through the s-channel γ and Z exchange diagrams with the Higgs boson radiated from the top quark, as shown in Fig.1(a,b) . Although a contribution can also come from the diagram Fig.1(e) with the Higgs boson radiated from the gauge boson Z, such a contribution is relatively small. In the LHT model we have additional diagrams Fig.1(c,d ) mediated by T quark. Due to the T-parity, other new particles, such as new heavy gauge bosons Z H and B H , do not participate in this process.
We calculate the cross section numerically by Monte Carlo simulation. The cross section in the LHT depends on two free parameters: the symmetry breaking scale f and the ratio r = λ 1 /λ 2 . Considering the electroweak precision constraints [7] , we vary them in the range 0.5 ≤ r ≤ 5.0 and 500 GeV≤ f ≤ 2 TeV. The SM parameters involved are taken as m t = 172. 7 GeV [15] , m h = 120 GeV, α EW = 1/128.8, sin 2 θ W = 0.2315 and m Z = 91.187 GeV [16] .
The c.m. energy is assumed to be 800 GeV. Considering the polarization of the initial electron and positron beams, the cross section of e + e − → tth is given by [17] 
where σ RL is the cross section for right-handed e − beam (p e = +1) and left-handed e + beam (pē = −1), and other cross sections σ RR , σ LL and σ LR are defined analogously. As in [11] , we assume p e = −0.8 and pē = 0.6 in our calculations.
In Fig. 2 we plot some contours for the deviation from the SM cross section in the plane of r versus the symmetry breaking scale f . For comparison we also show the corresponding results for unpolarized beams. We see that the polarized beams lead to more sizable deviation and thus make the collider more powerful in probing such new physics effects. Fig. 2 shows that the contributions of the LHT model decrease the SM cross section in the allowed parameter space, and the magnitude of such correction depends on the parameters r and f . The corrections are more sizable for lower values of the scale f , and in a large part of the parameter space the contributions can alter the SM cross section over 5%. When f is lower than 1 TeV, the corrections can be over 10% in magnitude.
So far the electroweak precision data constrained the parameter space of r and f . But, as studied in [7] , such constraints depend on additional parameters, i.e., the masses of extra T-odd fermions and the parameter δ c whose value is dependent on the details of the UV physics. Therefore, we did not show these electroweak precision constraints in Fig. 2 .
Another remarkable feature of our results is that the corrections are very sensitive to the scale f , but not so sensitive to the parameter r when r is larger than about 2, as shown in Fig. 2 . This means that we can use this process to determine or constrain the scale f if r is large.
III. CONCLUSION
Some partners of top quark are necessarily predicted in little Higgs models in order to cancel the quadratic divergence caused by the top quark. In the framework of the littlest Higgs model with T-parity, the partner with even T-parity can mix with the top quark and cause some effects in top quark processes. We examined such effects in the process e + e − → tth at the the ILC and found that they can be sizable in the allowed parameter space of r and f . In a large part of the the allowed parameter space, the deviation from the SM cross section can be over 10% and thus may be observable at the ILC. Also, we found that the polarized beams lead to more sizable deviation and thus make the ILC more powerful in probing such effects. So the future ILC collider will have a good chance to reveal the imprints of or set stringent constraints on the littlest Higgs model with T-parity through the measurement of this process.
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